Forty-seven saturated synthetic diacyl PA, PC, PE, PG, and PS and five unsaturated diacyl phospholipids (PL) underwent normal-and reversed-phase (RP) HPLC with isocratic isopropanol/hexane/water (5∶4∶1) and methanol/chloroform/acetonitrile/water (79.5∶9∶8∶3.5) mobile phases, respectively. For normal-phase HPLC, capacity factors (k′ i ) decrease with chain length (n) of the two identical PL FA residues, whereas the opposite occurs with RP (C 18 )-HPLC. Plots of In k′ i vs. n for individual PL classes are in general curved, violating the linear free-energy relationship. For PL of the same n but with different head groups, k′ i with normal-phase HPLC varies as PEn≥16, when the order is PEk′ i values is PGn≥16, when it is PA≈PGk′ i values of PL with unsaturated FA of n=18 are ordered as PEk′ i .
ABSTRACT: Forty-seven saturated synthetic diacyl phosphatidic acids (PAs), phosphatidylcholines 1 (PCs), phosphatidylethanolamines (PEs), phosphatidylglycerols (PGs), and phosphatidylserines (PSs) 2 and five unsaturated diacyl phospholipids (PLs) underwent normal-and reversed-phase HPLC with 3 isocratic isopropanol/hexane/water (5/4/1) and methanol/chloroform/acetonitrile/water (79.5/9/8/3.5) 4 mobile phases, respectively. For normal-phase HPLC, capacity factors (k' i ) decrease with chain length 5 (n) of the two identical PL fatty-acid residues, while the opposite occurs with reversed-phase (C 18 ) HPLC. 6
Plots of ln k' i vs. n for individual PL classes are in general curved, violating the linear free-energy relat-7
ionship. For PLs of the same n but with different head groups, k' i with normal-phase HPLC varies as PE < 8 PG < PA < PS < PC, except when n ≥ 16, when the order is PE < PS ≈ PA ≈ PG < PC. For reversed-9 phase HPLC, the order of k' i values is PG < PA ≈ PS < PC ≈ PE, until n ≥ 16, when it is PA ≈ PG < PS << 10 PC ≈ PE. With normal-phase HPLC, k' i values of PLs with unsaturated fatty acids of n = 18 are ordered 11 as PE < PA < PC. Increasing degrees of unsaturation lead to increasing k' i . 12 KEY WORDS: Chain length, capacity factor, HPLC, linear free-energy relationship, normal-phase, phos-13 pholipid, reversed-phase. 14 Phospholipids (PLs), including phosphatidic acid (PA), phosphatidylcholine (PC), phosphatidyl- An important factor in PL separation is the effect of fatty-acid chain length (n) on the peak 12 retention time. This has not been fully investigated, mainly because most investigators have sub- 13 jected natural PL mixtures to HPLC (5-7). These cover narrow ranges of n, and most compounds 14 in the mixture are composed of fatty-acid residues with different degrees of unsaturation. The 15 same factors were present even when pure synthetic compounds were used (8,9). Two groups 16 (5, 7) found that with isocratic elution of reversed-phase columns, ln (retention time) increased 17 linearly with n, while one (8) did not; it was a major goal of this project to confirm which behav-18 ior continued over a wide range of n.
19
Therefore, to further understand how n affects HPLC of PLs, we have separated eight PAs, 20 seventeen PCs, eight PEs, seven PGs, and seven PSs, along with five unsaturated PLs, with 21 normal-phase silica and reversed-phase C 18 columns using isocratic elution. In all cases both PL 22 fatty-acid residues were of equal n.
23

EXPERIMENTAL PROCEDURES 24
Materials. All solvents were from Fisher Scientific (Fair Lawn, NJ) and were HPLC grade. 25 Standards of saturated PAs (1,2-diacyl-sn-glycero-3-phosphate, monosodium salt), PCs (1,2- For the reversed-phase column, the mobile phase was an isocratic mixture of methanol, The linear free-energy relationship (11) can be expressed as
where ln k' i is proportional to the free energy change associated with the chromatographic dis- increases in the order PE < PG < PA < PS < PC. When 16 ≤ n ≤ 18, the latter value being the 22 highest measured with all PL classes except the PCs, the order is PE < PS ≈ PA ≈ PG < PC. (Fig. 2) .
19
Effect of head group on k' i . Fig. 1 shows that values of ln k' i for reversed-phase HPLC of 20 saturated PAs, PGs, and PSs of the same n are close and are less than those of PCs and PEs, 21 which are also very close to each other. Lima and Synovec (8) found a PE < PC < PA elution 22 order using a C 18 stationary phase endcapped with trimethyl groups and eluting with methan-23 ol/isopropanol/p-toluenesulfonic acid (97.5/2.5/70 mM), very different from our order. Since 24 both stationary and mobile phases vary, it is not possible to isolate the reason for this. 25 Values of ln k' i of saturated PLs of the same n from normal-phase HPLC are found in Fig. 2 . 26 Notably, PC at all values of n elutes last, when it would be expected to elute early if its high 1 hydrophobicity mainly determined elution order. Clearly elution order is sensitive to both mobile (Table 1) , as would be expected.
12
Nonlinearity of ln k' i vs. n. We found nonlinear relationships between ln k' i and n for at least 13 two of the five PL classes subjected to reversed-phase HPLC and for all five PC classes subject- 
